image intensifier. All nails were statically locked with one screw each proximally and distally. Results. The patients were followed up for a mean period of 20 months (range, 18-24 months) and were evaluated according to the modified Ketenjian's criteria. Results were good to excellent in 85.8% cases, and poor in 10.7% cases. Only 2 of 8 patients with type-III fractures had good results. Two of 4 type-IIIA and all 4 type-IIIB fractures had chronic osteomyelitis. Of 56 patients, 6 had early infection, 6 had delayed union, 6 had infected non-union, 2 had nail breakage, 8 had screw breakage, and 10 had anterior knee pain. Conclusion. Unreamed interlocking tibial nailing can be safely used for type-I and type-II open injuries even with delayed presentation. Use of unreamed nailing in those type-III fractures with delayed presentation was not recommended, because of high incidence of complications. Hospital, New Delhi, India. Records of 56 patients (4 women and 52 men) were available for study. Only injuries associated with the tibial shaft were included. Traffic accidents were the cause of fractures in all patients. All fractures were classified according to Gustilo and Anderson system for open fractures. There were 30 (53.6%) type-I, 18 (32.1%) type-II, 4 (7.1%) type-IIIA, and 4 (7.1%) type-IIIB fractures. After thorough debridement under anaesthesia, an unreamed interlocking nail was inserted with assistance by an
INTRODUCTION
With increasing number of vehicles on the roads in India, complex trauma cases caused by traffic accidents have increased progressively. Tibia is one of the most common bones to sustain open injury because of its superficial nature. Early debridement and unreamed interlocking nailing have emerged as important modalities for the management of open fractures of tibia (Figure) . Because many cases in India were presented late to the emergency department with improper initial management, our results of the management of open fractures are likely to be different from those reported in the western literature. We studied the clinical outcomes of unreamed intramedullary interlocking nailing in 56 cases of solely compound fractures of tibia at Safdarjung Hospital in India. (Table 1) . 36 fractures were at mid-shaft level and 20 fractures were at the positions of either the upper one third or the lower one third of the tibia. In all the cases, we began administering injectable third-generation cephalosporins and aminoglycosides in the emergency room and kept using them after surgery for 2 weeks and 5 days, respectively. In cases of gross contamination, metronidazole was added. Wounds were copiously irrigated with normal saline (10-20 l) . After thorough debridement under anaesthesia, an unreamed interlocking nail (size 8 in 52 cases and size 9 in 4 cases) was inserted under image intensifier guidance. All the nails were statically locked with one screw each proximally and distally.
METHODS

Between
The mean operating time was one hour (range, 45-90 minutes). Mean interval from injury to operation was 24 hours (range, 8-48 hours). 50 of the 56 cases (89%) presented to emergency department within 24 hours of injury; however, 98% of them were operated after 24 hours of injury because of delay in setup. Only 6 cases presented after 24 hours (2 cases of type IIIA and 4 cases of type IIIB). Wounds were re-examined after 24 hours and further debridements were planned accordingly. Primary wound closure was performed in 4 cases only. Muscle flaps and fasciocutaneous flaps were used to cover the exposed bone on postoperative day 7. Patients were followed up regularly and were evaluated functionally according to modified Ketenjian's criteria.
2 X-rays were taken at regular intervals, and weightbearing were allowed based on radiological evidence of callus formation. Of 56 cases, 40 (71.4%) cases required only one debridement, 10 (17.9%) required 2 debridements (8 in type II and 2 in type IIIA), and 6 (10.7%) required 3 debridements (2 in type IIIA and 4 in type IIIB). The mode of soft tissue coverage is shown in Table 2 .
RESULTS
Wounds healed within one to 2 weeks in 28 (50%) patients, 2 to 3 weeks in 22 (39.3%), and more than 3 weeks in 6 (10.7%). All patients were kept nonweightbearing until the formation of callus. The mean non-weightbearing period was 8.2 weeks (range, 6-14 weeks) and the mean partial weightbearing period was 7.3 weeks (range, 6-20 weeks). Of the 56 fractures, 44 healed within 32 weeks; 6 (4 in type II and 2 in type IIIA) had delayed union and were dynamised by removing the proximal screw (4 cases) and distal screw (2 cases) after a mean of 20 weeks; however, these 6 fractures still failed to unite despite dynamisation, and modified Phemister bone grafting was performed at 26 weeks postoperatively; the remaining 6 (2 in type IIIA, 4 in type IIIB) progressed to infected non-union with discharging sinuses; as a result, the nail was removed at 36 weeks, Ilizarov fixator was applied, and corticotomy was carried out subsequently. By one year of initial surgery, 5 of these 6 fractures united without infection; the remaining one (type IIIB), though united, continued to have intermittent flares of acute osteomyelitis (Table 3) .
Two of the 6 infected non-union patients had nail breakage after they were mobilised in a patellar tendon Table 4 . Results were good to excellent in 48 (85.7%) patients, fair in 2 (3.6%) patients, poor in 6 (10.7%) patients (all of the them had infected non-union).
DISCUSSION
The major factors affecting the prognosis of open tibial fractures after high-energy trauma are the severity of soft-tissue injuries, degree of contamination, fracture configuration, and the extent of comminution. 3 In the presence of significant trauma to local tissues, any operative intervention such as plate or screw insertion can further devitalise the already compromised tissues. Therefore, it is extremely important to avoid such operative interventions in preventing sepsis and in promoting the healing of tibial fractures. 4 The plaster cast treatment is associated with high incidence of deep infection and malunion. 5 The external fixators, being versatile and can facilitate early soft-tissue healing, had been extensively used in the past. However, it has associated with a high incidence of pin tract infection, and if a secondary procedure of nailing or plating is undertaken after the removal of fixator, there will be a high incidence of infection despite adequate antibiotic coverage. 6, 7 The current trend of management of Gustilo type I, II, and IIIA open fractures of tibia presented to the emergency department within 6 to 8 hours is to perform unreamed intramedullary nailing. The unreamed tibial nailing is reported to have definite advantages over the reamed nailing. 8 Unreamed nailing in experimental studies has been found to cause less reduction in cortical circulation as compared to reaming of the medullary canal. 9 Klein et al. 10 reported 31% reduction of cortical circulation using unreamed nail as compared to 71% reduction after reaming. Reaming of open fractures has been found to spread the contamination from open wound along the medullary cavity and to strip small fragments of bone from the soft tissue attachment. 11 Reaming has also been reported to slow the revascularisation and delay osseous union. 9, 12 The surface area of a hollow nail is 2 times that of a solid nail; it contains more dead space and therefore more susceptible to infection. 13 Cortical necrosis is less likely to occur with a loosely fitted intramedullary nail than a snugly fitted reamed nail.
14 In addition, smooth surface of solid nail may decrease the susceptibility of infection by decreasing the adherence of bacteria. 15 The majority of our patients (98%) were operated on after 24 hours of injury because of delay in setup. One of the main objectives of this study was to evaluate the incidence of complications in these open fractures treated with unreamed intramedullary nailing beyond the initial 24 hours. Despite thorough debridement and adequate soft tissue coverage, there was an overall incidence of infection in 6 of 56 (10.7%) cases, all of which was in type-III open fractures (75% of all type-III cases). Delayed management of these high-velocity type-III injuries with extensive tissue damage and contamination exacerbates bacterial colonisation and chronic deep infection. The type-I and type-II open fractures, with comparatively less soft-tissue damage and contamination, can be safely managed by debridement, early wound coverage, and unreamed interlocking nailing, as shown in our study that there was no evidence of deep infection in these types of fractures. Various series reported 2% to 16% incidence of deep infection and the majority of which were type-III compound injuries. 1, 2, 16, 17 The series also recommended careful selection of patients for using interlocking nail in this type of fracture. In our study, the infected non-union cases confirmed the above findings. When significant disruption of bony vascularity was present, normal process of bony union could be hampered to a considerable extent, which was observed in our cases of delayed unions and nonunions that subsequently required bone graft supplementation. Yokoyama et al. 2 reported a mean union time of 15 months in more than 50% of type-III fractures, whereas the overall mean union time in their series was 6.6 months, which is comparable with that in our series (8 months) . Comparable incidences of delayed union and bone graft supplementation were also reported in other series. 2, 4, 14, 16 An 8-mm diameter nail was used in 52 (92.9%) cases of our series, probably because of the narrow medullary canal of relatively small-built Indian patients as compared to their western counterparts. Because the mechanical strength of the nail is proportional to its diameter, these 8-mm diameter nails are relatively weak, particularly in bending mode. The nails at the site of locking holes are also more prone to break because stresses are concentrated at the screw hole junction and at the sites of the empty holes not filled by bolts. Minimal endosteal contact of these unreamed nails further concentrates the stresses at the screw hole junction, which may be responsible for the nail failure or screw breakage. In our series, there were 2 nails broken at the site of screw hole junction. Similarly, Ruiz et al. 18 reported a 1.8% of nail failure in a series of 520 patients treated by intramedullary tibial nail; 4 (66.7%) of the 6 nail failures occurred in patients using 8-mm or 9-mm diameter nail; none of the 12-mm or 13-mm diameter nail failed.
In our series, the incidence of screw breakage was 14.3%, which was comparable to the 6% to 40% of that in other series. 17, 19, 20 Retrospectively, the incidence of screw failure could have been further brought down, had we used 2 screws each for both proximal and distal locking to make the assembly rigid, as advocated by Kneifel and Buckley. 20 Of 6 tibial fractures in our series (all type II) that were within 7 cm of distal locking bolts, 2 (33%) had screw failure but not nail failure. Hahn et al. 21 advocated a cautious approach for such fractures by filling all the screw holes with bolts to reduce concentration of stress distally.
Two cases in our series had compartment syndrome after nailing and required fasciotomy followed by split skin grafting. Regaining the length of the traumatised and swollen muscles after intramedullary nailing with intact or partially ruptured fascial envelope may have acutely elevated the compartment pressure. Blick et al. 22 reported 9.1% incidence of compartment syndrome in open fractures treated by intramedullary nailing. A high level of suspicion is required as the incidence of compartment syndrome may be higher; especially under the prevalent misunderstanding that compartmental auto-decompression would occur after open fractures of the tibia.
In our series, 10 (17.8%) patients had anterior knee pain and required occasional analgesics. Court-Brown et al. 23 reported 36% incidence of anterior knee pain and advocated techniques of using a more proximal and lateral entry point, hyperflexing the knee during nail insertion, and extending the knee during screw insertion to reduce the incidence of anterior knee pain. We adopted only the techniques of hyperflexing the knee during nail insertion and extending the knee during screw insertion. We had no experience of using a more proximal and lateral entry point, although theoretically it may cause less irritation and damage to overlying tendon.
In our series, 85.8% of overall results were good to excellent, whereas 10 of 56 patients suffered all these complications and hence the incidence of complication was 17.8%. Yokoyama et al. 2 reported that 89% of the results in type-I and type-II fractures were good to excellent, and 75% of the results in severe type-III open fractures were good. In contrast, in our series of type-III open fractures, only 25% of the results were good, and 75% of the results were poor to fair.
CONCLUSION
The key procedures to minimise deep infection are adequate debridement, early soft-tissue coverage, and adequate fixation. We recommend using unreamed locked tibial nailing for type-I and type-II open fractures of the tibia even with delayed presentation. We do not recommend using unreamed nailing for type-III fractures with delayed presentation to the emergency department because of the high incidence of complications, which may require highly different revision procedures.
